we can interpret them. But we can record the Berger rhytnm and the waves which accompany an epileptic fit and this is, probably, a step in the right direction.
[ABSTRACT] THE special place taken by the brain in the organization of the animal body makes a study of its enzymic activity of more than ordinary interest. Not until recently have systematic investigations of brain enzymes been made and at present our knowledge of this subject must be considered meagre. It is evident, however, that enzymic behaviour of brain, whilst showing much in common with that of other organs, presents also a number of unique features. So far as hydrolytic mechanisms are concerned the brain seems to have only poor catheptic or tryptic powers, but phosphatases splitting glycerophosphate, nucleic acid and hexosediphosphate exist in the organ [7] . It is rich in fumarase [29] and glyoxalase [161-enzymes which have the power of adding the elements of water to fumaric acid and methylglyoxal without further fission of the molecules formed, and recent work [21] indicates that the brain is well supplied with glutaminase, an enzyme that hydrolyses the amide glutamine. We know too that brain [41] can split acetylcholine by an esterase which is inhibited by physostigmine.
The predominant amount of work so far, however, has been carried out with respiratory and hydrolytic systems of the brain, and with these it is proposed very briefly to deal.
In common with other mammalian tissues, brain possesses an indophenol oxidase [40, 13, 14, 34] , the enzyme which is commonly supposed to be mainly responsible for the activation of molecular oxygen. Grey matter is three or four times as rich in the enzyme as white, and it is an interesting fact that this oxidase activity of brain seems to be inversely proportional to the size of the particular type of animal from which the brain is taken [34, 40] . Peroxidase exists to a slight extent in brain and so does catalase, though the amount of the latter is small (perhaps one-hundredth of the amount in liver [37, 8] ). The respiratory carrier pigment-cytochrome-also exists in brain [13] , and we may take it as probable from these facts that the brain cells resemble most other cells in the body in at least one mode of activating and transferring oxygen.
When we turn, however, to the nature of the substances burned by the brain we are presented with certain anomalies. Fatty acid molecules, so vigorously oxidized by liver or kidney, are unaffected by brain [30, 17] . Among all the amino-acids, only one apparently-glutamic acid-seems to be affected by the nervous tissue [21, 34, 20, 19] . Of substances so far investigated the onjy ones which keep up the. normal high respiratory rate of brain cortex are glucose and substances intimately associated with carbohydrate breakdown, lactic and pyruvic acids [22, 23, 35, 3, 18, 13, 15, 1] . The position of glucose is of particular interest, for whilst its combustion forms an important feature of the respiration of nervous tissue, its presence seems to have but small effect on the respiration of such highly respiring tissues as liver or kidney. Another point of interest is that whereas minced brain will oxidize glucose or lactic acid at appreciably high rates, the effect of mincing liver or kidney is to cause considerable damage to their respiratory systems.
Fructose and mannose are oxidized by brain [6, 34] , the oxidation of the former molecule presenting, at present, a puzzling problem, for it is known that its oxidation cannot proceed entirely through the intermediate production of lactic acid. a-Glycerophosphate is oxidized by brain, and galactose is also oxidized, but feebly [27, 34] . Succinic acid is oxidized vigorously, as occurs with most tissues of the body [34, 27, 3, 4] . If a mixture of lactic and succinic acid is presented to the brain in such concentrations that a competition must ensue for the active oxygen, the brain seems to make its first demand on lactic acid; the effect of the latter molecule is to bring about a " sparing" of the oxidation of the other metabolite. Quite conceivably such sparing action of lactic acid on the oxidation of other metabolites is a general phenomenon with brain, when the latter is presented with an abundance of combustible material [34] .
The enzymes which render the metabolites (the so-called hydrogen donators} active, and enable respiration to proceed, are dehydrogenases. These enzymes may be studied anaerobically by following the rates of reduction of dyestuffs by the substances (the metabolites) in the presence of the tissue. Using methylene blue, it is easy to show the accelerating actions of glucose, fructose, and galactose and of lactic, glutamic, citric, and succinic acids on the rates of reduction of the dye [13, 5, 39] . Grey matter is three or four times as active as white matter in its ability to accomplish these anaerobic dehydrogenations. In considering enzymic activity it is important to considernot only the existence of the enzymes themselves, but the various factors that may influence the enzymes. It seems clear, for instance, that in the oxidation of lactic acid by the brain, the addition of pyrophosphate, and of pyrophosphate together with magnesium ions, can significantly increase the rate of respiration but the r6le of the pyrophosphate and of the magnesium ions is at present obscure [27] .
There is little doubt that the oxidation of glucose and of lactic acid presents a, most important feature of brain respiration-possibly glucose is oxidized entirely via lactic acid formation but the evidence on this point is by no means conclusiveand recent discoveries (a) with brains of birds suffering from avitaminosis B1 (polyneuritis), and (b) on the action of narcotics on brain respiration, show convincingly the importance in the nervous system of this respiratory system. It seems to be sure from the investigations [11, 24, 10, 28, 35, 25, 26, 36, 38] of the Oxford group of workers that in avitaminosis B1 the brain suffers an inability to burn glucose or lactic acid at its usual rate. Moreover, this diminished rate of respiration in presence of lactate and glucose is increased to the normal level by the addition to the tissue of a small quantity of the vitamin. This important finding makes it clear that vitamin B1 must be considered as one of the factors essential for the proper utilization of lactic acid by the nervous tissue. It is of interest that cerebrum is affected by the vitamin to a greater extent than the optic lobes in certain cases of chronic avitaminosis B1. Another substance which appears to be involved is pyrophosphate, and evidently a somewhat complicated system is set up in which vitamin B1, pyrophosphate and lactate are intimately associated. So far as is known the lesion in polyneuritis affects only the carbohydrate (i.e. glucose lactic acid or pyruvic acid) metabolism; no effect on succinic acid oxidation was observed. Hence it is clear that the mechanisms involving the activation of oxygen itself are left intact.
Quite independently of the above observations it was found [31, 32, 5, 33 ] that exposure of brain tissue to narcotics results in an inhibition of glucose and lactic acid oxidation, whereas the oxidation of succinic acid is left quite intact. Narcotics of the barbituric-acid type, chloretone and hyoscine, inhibit the rate of respiration of brain cortex, and they all have the property of inhibiting glucose or lactic acid oxidation in a specific manner (though glutamic acid oxidation is also-but to a lesser extent-affected). In presence of chloretone the oxidation of succinate by brain is no longer "spared" by lactate. It may also be shown that a number of amines-phenylethylamine, mescaline, for example-have just this property of specific inhibition of glucose and lactic acid oxidation.
The inhibitory powers of the narcotics and amines in question at the concentrations at which they were investigated cannot be due to a general poisoning of the cells, because it is easy to demonstrate in most cases that the effects are quite reversible. This is to be seen, for instance, in the cases of luminal, chloretone, or mescaline, where an 80% reversibility is effected by simply washing the brain cortex slices free from the narcotic [331. It seems a likely enough hypothesis that narcosis itself is linked up with the power of narcotics to inhibit glucose or lactic acid oxidations at the nervous centres at which the narcotics are adsorbed. But much more work is required to establish this hypothesis. Narcotics, at relatively low concentrations, inhibit lactic dehydrogenase (in anaerobic experiments) to a much greater extent than succinic dehydrogenase, and there is evidence to show that a competition may take place between a narcotic such as chloretone and lactate for the enzyme involved. The narcotics certainly do not interfere with the access or activation of oxygen by brain tissue.
We may now consider still another inhibitory effect on glucose oxidation by brain tissue. It has recently been shown [6, 2] that the equilibrium between sodium, potassium, and calcium ions affects the respiratory rate of brain cortex in presence of glucose. Potassium ions at low concentrations have a slight stimulating action, and calcium ions have a small depressing effect. The addition of magnesium ions [61 brings about a very definite lowering in the respiratory rate, a phenomenon not to be observed with tissues such as kidney, testis, or Jensen rat-sarcoma. In view of the well-known clinical effects of magnesium administration, such an effect is surely not without significance.
So far, enzymic activity in respiratory systems, particularly those involving glucose and lactic acid oxidation, have been considered. When we turn to the phenomenon of glycolysis, we find again features which are distinctive. Whereas brain will break down glucose to lactic acid at a rapid rate, it has practically no effect on glycogen. In muscle, on the other hand, the reverse is the case, glycogen breakdown being far more rapid than glucose breakdown to lactic acid [12, 9] . For this reason it seems likely that the chemical mechanisms of lactic acid formation in brain may differ very substantially from those in muscle. It appears that glyoxalase activity is very much greater in brain than in muscle. Glutathione which is a co-enzyme of glyoxalase, in the sense that it combines with methylglyoxal, the product of combination being the substance which breaks down to lactic acid, Section of Neurology 203 increases lactic acid production from glucose in the presence of brain. It lhas, however, apparently little effect on glycogen breakdown either in presence of brain [12] or muscle.' Another point of importance is that the lactic acid production from hexosephosphate seems to be a process independent of the breakdown of glucose.
We may consider finally the synthesis [211 in the brain of glutamine from glutamic acid and ammonia, accomplished doubtless by the enzyme glutaminase. This interesting process, of which the physiological significance is as yet unknown, takes place in other tissues besides the brain, but whereas its occurrence in other tissues is a variable factor, it seems to be invariably connected with the nervous system. A point of some importance is that the synthesis depends on glucose oxidation or glucose breakdown in the brain, presumably the energy of the latter process being necessary to allow the synthesis to go forward. There are, however, puzzling features about the system, for whereas glutamic acid is known to be oxidized by brain, the addition of glutamic acid does not result in an appreciable increased production of ammonia and amide nitrogen.
